Abstract. In 1907, 23,000 acres in the southeastern corner of Tennessee, known as the Copper Basin, were denuded as a result of mining activities. Bereft of vegetation, native soils became extremely eroded and acid. Wastes from ore processes were pumped into an 800 acre tailings pond. Over 350 acres remain unsuitable for plant growth. Original assumptions postulated that vegetal growth was inhibited by an acid pH. In 1998, this study was undertaken to I) determine acidity levels of the tailings and 2) detennine the presence/absence of plant nutrients for revegetation. A transect off our soil pedons was extracted, described, and sampled for laboratory analysis. Acidity levels were measured through acid-base accounting and pH. Sodium bicrubonatephosphorus, Melich double acid extraction, and total elemental dissolution analysis were used to detennine the potential deficits or toxicities of nutrients and metals. In three pedons, pH ranged from 6.6 to 8.2 with NP's from 109 to 323 tons per thousand tons CaCO, equivalent. In the fourth pedon, pH below 40 cm decreased to levels of 3.0-3.8 with NP's of <59 tons per thousand tons CaCO, equivalent . Total elemental analysis and bicrubonate P indicated a maximum of 416 mg kg· 1 P in the tailings material with essentially none plant available. Potassium was available in sufficient quantity and would not be a limiting factor. Although total elemental concentration of some metals was high, the metals were probably in forms unavailable to plants and presented no toxicity problems. As related to revegetation, lime additions should alleviate the low pH in specific sections of the tailings pond. The major concern was the phosphorus deficiency which would require amending for any possible vegetative success.
Introduction
The Copper Basin encompasses 60,000 acres within three counties: Polk County, Tennessee, Cherokee County, North Carolina, and Fannin County, Georgia (Fig. 1) . Beginning in the mid-1800's, this section of the Appalachian Mountains was a major source of copper, iron, zinc, and sulfuric acid. factors, including clearcutting of timber for fuel and sulfur emissions from processing, resulted in 23,000 acres of barren land. Erosion of native soils removed much of the fertile topsoil leaving a thin veneer ofacidic, clayey subsoil over Pre-Cambrian saprolite.
By the 1990's, much of the native soil had been revegetated with pines. One of the sites remaining to be reclaimed was an 800 acre tailings pond. Native soil was layered over a 450 acre section of the tailings and revegetated. A 350 acre parcel received no soil cover and was barren of any vegetation even though deposition of wastes had ceased in the late 1980's.
Primary concerns centered around the 350 acre region which appeared disadvantageous for plant life. An investigation was initiated with the objectives of I) determining the acidity levels of the tailings material and 2) establishing the presence or absence of essential nutrients for plant growth.
Milling Process
Following ore extraction, rock materials were crushed to pass a 200 mesh sieve. These <2 mm particles were then subjected to flotation processes (Maher, 1966) .
In most flotation operations, pH values generally range from 7 to 13. To control pH, the reagents commonly used are lime (CaO), soda ash (Na,CO,) for alkaline circuits, and sulfuric acid (H 2 S0 4 ) in acid circuits. In addition, lime may be added for the precipitation of toxic salts in water and the depression of pyrite. Depressing agents react with certain minerals to prevent them from floating. Sodium, potassium, and calcium cyanides are commonly added as zincdepressing agents and occasionally to depress copper sulfides (Richards and Locke, 1940) .
Waste matter did not float but was drawn off at the bottom of the float machines and pumped to a waste disposal lake, the tailings pond (Maher, I 966) . In I 922, flotation was introduced at the Tennessee Copper Company in Copper Hill. Until that time, iron and zinc could not be recovered, only copper, and, in 1907, sulfuric acid began to be produced (Maher, 1966) Characteristics of Waste Materials from Mining Plant available nitrogen is a common deficiency in minesoil. This is often due to a lack of source for the element. Any nitrogen present would most likely be in low concentrations. Successful conversion of nitrogen into plant usable forms would be hindered by small populations of microorganisms. Sustainable levels of N can be difficult to produce for maintaining vegetation (Grandt and Lang, 1958 (Gemmell, 1977; Clark and Clark, 1981) .
Materials and Methods

Field Methods
Using Soil Taxonomy, Cook et al (1999) classified the soils of the tailings material as mixed, mesic Typic Udipsamments. To determine soil physical and chemical properties of the tailings materials which would influence plant growth, a transect of four pedons was extracted across the barren portion of the tailings pond. Soil morphology was descnbed using .methods outlined in the soil survey manual (Soil Survey Staff, 1993) .Eachhorizonwassampledforlaboratoryanalysis. In a section suspected of having a low pH, only a surface grab sample labled as C' (prime) was sampled.
Laboratory Methods
Particle size analysis was measured on selected samples by the pipette method (Kilmer and Alexander, 1949) . Sands were fractionated by sieving into very coarse, coarse, medium, fine, and very fine sand sizes (Gee and Bauder, 1986) .
Soil pH was measured using a I: I ratio of water and soil (Olsen and Ellis, 1982) . Total sulfur and sulfur fractions were determined with a Leco CNS 2000. Acid -base accounting (Sobek et al., 1978; Jackson, 1958) was used in assessing potential acidity or alkalinity of the tailings materials.
Fizz tests for CaCO were measured using the following criteria (Freeman, 2000; Sobek et al, 1978) : 
Results and Discussion
Over a long period of time, waste materials had been deposited in the tailings pond. As a result of multiple depositions, stratification was evident in the soil profiles. Each layer was designated as a C horizon indicating an absence ofpedogenic influence (Table 1) .
Double-acid-extractableK, Ca, Mg, Na, Cu, and
Fe (Sims and Heckendorn, 1987) was determined by atomic absorption spectrophotometer. · Sodinm bicarbonate extractable P (Olson et al., 1954) was determined to complete the suite of chemical properties to be monitored in the test plots. To measure total P, Cd, Cr, Cu, Mn, Ni, Pb, and Zn, total dissolution analysis (Ammons et al., 1995) was performed on the initial transect and grab samples.
All four pedons were relatively uniform in soil morphology and particle size distribution. As a result of the milling process, particle size (Table 2 ) of the four pedons ranged from fine sand to loamy fine sand. Silt sized particles comprised 7 (site 2) to 26% (site 4) of the soil texture. All four sites contained less than 8% clay sized particles. The structureless single grain (0 SG) grade and shape of the soil structure indicated no pedogenic aggregation of the sand sized particles ( Table   1) . Total sulfur was variable by horizon with no has since been removed from the system. Since there concentration greater than 9% (Table 3 ). Most was in was evidence of a specific sector with surface soil the form of sulfate or organic sulfur. pyritic sulfur was having a low pH, it was recommended in the present at levels of less than 0.8%. Soil pH decreased vegetation management plan to incorporate additional in horizons with measurable pyritic sulfur. Over the neutralizing amendments such as lime. four pedons, pH ranged from 8.2 (site 2) to 3.0 (site 4) ( Table 4) . 1n three pedons, pH ranged from 6.6 to 8.2 Theplantnutrients, calcium, magnesium, and with NP's from 109 to 323 tons per thousand tons potassium were available at adequate levels (Table 5) . CaCO, equivalent. In site 4, pH decreased in the four Potassium in the C' surface sample measured at 25 mg horizons between 40 to 130 cm. These horizons kg·' , indicating the possibility of a K deficiency in contained measurable levels of pyritic sulfur (Table 3) , localized regions. Phosphorous was a lilajting factor but neutralization potential of the system was less than for plant growth as all horizons analyzed contained 60 tons per thousand tons CaCO, equivalent (Table 4) . <0.5 mg kif 1. Total P only reached a maximum of 416 mg kif' in the C 1 horizon of Site 3. 1n some small localized sectors, the surface soil was suspected of possibly being acidic and a grab
Comparing the four pedons, double acid sample labeled C' was extracted. Taking sulfur extractable iron was higher in site 4 (Table 6 ). As pH fractions into account, out of all samples analyzed only decreased, plant available iron increased. Sodium was the C' sample, required additional neutralization very low ( < 11 mg kif' ), and plant available copper (Table 4) . Soil pH in the C' was very acidic at 1.9. All was nearly undetectable in sites l, 2, and 3. Site 4 of the sulfur present was in the form of sulfate or contained levels of copper ranging from 0.25 to 132 organic sulfur. The low pH possibly was a result of mgkg· 1 • pyritic sulfur oxidation prior to the present time which Total metal concentrations were averaged for each pedon (Table 7) . Levels of specific elements of interest were compared with those generally found in native soils (Lindsay, 1979; Kabata-Pendias and Pendias, 1992) . Nickel fell within the range normal for native soils, while cadmium, chromium, manganese, and lead were slightly higher. As expected, Copper and zinc were present in much greater quantities. Since the double acid extractable copper content (Table 6) was extremely low compared with total copper (Table 7) , plant toxicity should not be a problem. Double acid extractable data was unavailable for the other elements, however, these metals, as with copper, were probably unavailable in sufficient quantity to pose a problem for revegetation. 2. Calcium caroonate content was sufficient to neutralize the acid production potential of the pyritic sulfur.
3 .Potassium was available in adequate amounts for plant growth.
4. There were exceptions as evidenced by the C' grab sample. Analysis of the C' sample indicated a pH of l. 9 and double acid extractable K content of 25 mg kg-1 • To insure the successful establishment of vegetation, additions of neutralizing materials and potassium would be advisable to enhance revegetation success rate.
5. Soil pH ranged from 8.2 to 3.0, with most> 6.0.
6. Phosphorus was deficient in the tailings material. For successful revegetation, an amendment of P was required.
7. Total elemental concentration of nickel were comparable with those of native soils, while Table 7 . Specific total elemental content of native soils as compared with the total elemental concentrations in the four pedons from the tailings pond (' Lindsay, 1979; ttKabata-Pendias and Pendias, 1992 cadmium, chromium, and lead were slightly higher.
Total copper and zinc were much greater than in native soils.
8. Although total copper concentrations were high, double acid extractable copper was very low and should not be present in amounts toxic to plant life.
